ELECTRONIC CIRCUITS NAYSHIPS 
SECTION 10 
SWEEP-GENERATOR CIRCUITS 


PART A. ELECTRON-TUBE CIRC 


SAWTOOTH-WAVE. GAS-TUBF SWEEP-GEN 
CIRCUITS, 

A sawtooth wave is defined as a periodic wave which 
vaties in amplitude between two values to provide o wave- 
form pattern resembling the teeth of a saw. 

The sawtooth waveform has many applications in tele- 
vision, radar, ond special test equi This mmonly 
used as the time base for cathod bes which employ 
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ot detlection, the horizontal deflection circuits require a 
i time base, that is, a type of voltage wavetorm which 
is directly proportional to time, A sawtoarh vnitaqe wave- 
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Typical Sawtooth Waveform 


The useful portion of the sawtooth wavetorm is called 
the sweep time, dnd the remuining portion is called the 
retrace, Of fly-back, time. The sweep voltage developed by 
Ine sweep-generator circuit is used to move {defle: ect) eae 
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linearity of the sweep is difficult to obtain with this type 
of sweep generator. 


NEON GAS-TUBE SWEEP GENERATOR. 


APPLICATION. 


olh-wave sweeb-yeneiuior circuit using a 


The 36 

The sow 
neon gas tube 1s one form of relaxation oscillator. This 
type of circuit is occasionally used where a simpie ''free- 
tunning'! sweep generator will provide a satisfactory saw- 
tooth waveform for use in certain noncritical test-equipment 
circuits and in cathode-ray tube citcuits employing etec- 
trostatic deflection. 


CHARACTERISTICS. 
Free-running, reloxation-oscillator type. 
Output is sawtooth waveform. 


Ovtout swe 


Output sweep {r ed b 


s determined by R-C circuit, 
type of neon gas tube used, and voltage applied to circuit. 
Sweep frequencies up to 10 kilocycles can be produced. 

Neon gas tube is used as switch to corftrol charge and 
discharge of capacitor. 


CIRCUIT ANALYSIS. 

General. In the discussion of time constants given in 
Section 2, General Information on Electron Tube Circuits, 
the typical charging curve for on R-C circuit was illus- 
trated. If a capacitor is charged through a resistance from 
a constant-voltage source, an Syponenlial valtage curve is 
obtained across the terminals of the capacitor. Eventually 
the charge on the capacitor rises to a vaiue equal to the 
applied voltage. The initial portion of the R-C charging 
curve is reascnaply straight, with very little curvature, and 
it only a small part of the initial portion of the charging 
curve is utilized, the degree of linearity obtained is con- 
sidered to be satisfactory for many sweep applications. 

In order to develop a sawtooth voltage, it is necessary 
to charge the capacitor and then quickly discharge it to 
Bomplete the charge-discharge cycle; the cycle is then 
repeated ovet and over to produce the desired sawrooth 
output waveform, A means must be provided to quickly 
discharge the capacitor once 1t has received a partial 
aly low fequencies o mechanical switch 
can be used to short the capacitor terminals and discharge 
ine Capacitor; however, such a switching system becomes 
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can damage the tube. 
typical sweep-generator circuit, the resist- 
Give in the circuit limits the current and prevents it from 
deméaing the gas tube; furthermore, the tube conducts pri- 
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becomes very low and will allow a heavy current flow a5 
long as the voltage applied te the tube is suificient to main- 
tain ionization. However, when the valtcje drops to a | 
value, conduction ceases. The value of voltage at which 
conduction ceases and the tube deionizes is termed the 
extinguishing, OF recovery, voltage. Approximate values of 
striking and extinguishing voltages for several common 
types of neon gas tubes are 65 and 20 volts, dc, respec- 
tively, 

Circuit Operation. In the accompanying illustration, a 
simple neon gas-tube sweep-generator circuit is shown. 
Resistor Rl is a series current-limiting resistor; resistor 
R2 is a variable resisto; which permits the frequency ot 
oscillation to be changed. Capacitor Cl is a charging 
capacitor and V1 is @ neon gas tube. 


OUTPUT 


Neon Gos-Tube Sweep-Generatar Circuit 


Initially, when voltage is applied to the circuit, capaci- 
tor Cl begins to charge through resistozs Rl and RZ, in 
series. The R-C time constant establishes the frequency of 
oscillation for a given value of applied voltase and depends 
upon the value of the capacitor and the combined resistance 
of the two resistors, Rl and R2, The tube is not fonized 
during this period of time and represents a high impedance 
in parallel with the charging capacitor. The voltage across 
capacitor Cl builds up gradually following the R-C charge 
curve, shown on the accompanying illustration of the output- 
voltage waveform, until the terminal voltage of the capacitor 
reaches the striking voltage of the neon gas tube, V1. 

When the striking voltage is reached, the tube ionizes and 
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conducts to form a low-impedance path to discharge the 
capacitor. Capacitor Cl discharges through the tube, and 
the terminal voltage drops rapidly. As soon as the voltage 
drops to a value equal to the extinguishing voltage of the 
gas tube, the tube deionizes and current stops flowing. 

The tube again represents a high impedance in parallel 

with the charging capacitor, Cl, and the voltage again starts 
to rise across the capacitor. As shown on the waveform 
illustration, capacitor C] charges again until the striking 
voltage of the gas tube is reached, The tube then ionizes 
and discharges the copacitor; this operation repeats over 
and over as long as voltage (Epp) is applied to the circuit, 

The linear sweep portion of the sawtooth waveform is 
produced when ccpacitor Cl is charged, and the retrace or 
flyback portion of the waveform is produced when the 
capacitor is discharged by conduction of the tube. The 
sweep time depends upon the values of resistance and 
capacitance in the circuit, upon the applied voltage, and 
upon the characteristics (striking and extinguishing volt- 
ages) of the neon gas tube. The characteristics of the 
tube are fixed and depend upon the particular type of tube 
used. Therefore the sweep time and frequency are con- 
trolled primarily by any of the first three factors previously 
mentioned: the resistance, the capacitance, or the applied 
voltage. 

In order to obtain reasonable linearity of the sweep 
portion of the sawtooth wave, the applied voltage is main- 
tained at a high constant potential so that operation of the 
neon gas tube ond charging capacitor takes place on the 
lower, straight portion of the charging curve, as shown on 
the accompanying waveform illustration. Variations in 
operating frequency are usually accomplished by changing 
either the circuit resistence or capacitance, or both. Ina 
practical sweep generator, the value of the capacitance 
(Cl) is fixed, and the resistance (R2) {s adjusted to change 
the R-C time constant of the circuit. The range of operat- 
ing frequency is sometimes extended beyond that obtainable 
with a variable resistance alone by incorporating a switch 
either to select one of several fixed capacitors ar to select 
and parallel a number of fixed capacitors. 

The time required for the retrace, or flyback, portion of 
the sawtooth waveform to occur is determined by the imped- 
ance of the neon gas tube when ionized, the difference be 
tween the striking and extinguishing voltages of the tube, 
and the value of the capacitor in the circuit. Normally, 
however, the impedance of the tube is so low that the re- 
trace, of flyback, time does not become appreciable unti} 
the sweep frequency exceeds approximately 10,000 cycles 
per second. 


FAILURE ANALYSIS. 

No Output, A neon gas tube radiates a characteristic 
orange-red glow when ionized. An indication of gas-tube 
operation can therefore be obtained by visual inspection 
to determine the presence of the characteristic glow from 
the ionized gas within the tube. 

Tf the gas tube is ionized continuously and no sweep 
output is obtained, it is likely that capacitor Cl is open or 
that resistors Rl and R2 have decreased in value, In this 
case the tube attempts to act as a voltage-regulator tube 
aducts continuously; the voltage developed actoss 
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the gas tube remains ¢ censtant value. Capucitor Cl can 
be checked by using a suitable capacitance analyzer tc 
determine whether or not the capacitor is defective. An 
ohmmeter measurement of resistors Rl and R2 can be made 
to determine whether a decrease in resistarice has occurred. 
Ti ihe conduction cument tnuyh the seo gas tube is ex- 
cessive for any great length ot time, the tube may be dam- 
aged and its characteristic will be impaired as a result. 

Although the gas tube may appear to be glowing in the 
proper manner, this is not a positive indication that the 
tube is cperating correctly; therefore, the tube itself may 
be suspected us a source of trouble. 

Ul the gas tube fails to ionize, the voltage across cap- 


iM aoniios voltae rel 
tise to the full cpplicd veltage, and ae 


sawtoath output voltage will be developed. If the tube is 
not ionized, however, this does not necessarily mean that 
the tube is defective, since the same indication (lack of 
glow) may occur it either resistor (Rl cr RZ) is open, if 
there is no applied d-c voltage (Epp), or if the charging 
capacitor (C1) is shorted. The value of each resistor, Rl 
and KZ, can be checked by ohmmeter measurements to 
determine whether ony increase in resistance or an open has 
occurred. Measurements can also be made across the capa~ 
citor terminals to determine whether capacitor C1 is shorted 
thus causing the voltage to be either zero or an extremely 
low value. 

Incorrect Frequency. It is reasonable to assume that 
any change in the values ci resistance (R1, R2) or capa 
citance (Ci) will affect the H-C time constant of the cir- 
cuit and, thus, the frequency of operation. When an adjust- 
ment is provided, as for example resistor R2 in this circuit, 
a change in oper: g frequency can be compensated for by 
adjustment of the series resistor, R2. If the R-C time con- 
stant is increased, the frequency of operation will decrease; 
conversely, if the time constant is decreased, the frequency 
of operation will increase. A change in the value of R} 
or R2 can be determined by ohmmeter measurements; the 
value of capacitor Ci can be measured with a suitable 
capacitance analyzer. 

Assuming that the values of R and C remain constant, 

@ change in the applied voltage (Ep:) will affect the opera- 
tion of the circuit; thus, an increase in applied voltage 
will increase > the frequency of operction, while a decrease 
he frequency. 


’ 


2 characteristics of the neon gas tube may be affect- 
relore, the striking and extin.guish- 
voltages of the tube may change causing the circuit to 
shift its operating range on the R-C charge curve. This 
condition may cause not only 3 change in operating tre- 
also changes in sweep amplitude and linearity. 
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THYRATRON SWEEP GENERATOR. 


APPLICATION, 
vratron sweep generator 1s used tc produce a 
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test equipments employing an electrostatic type of cathade- 
tay tube. 


CHARACTERISTICS. 

Employs a thyratron gas tube in a relaxation oscil- 
lator circuit. 

The thyrutron is used as a switch 
and discharge of a capacitor, 

Output is a sawtooth voltage waveform. 

Output amplitude is determined by the characteristics 
of the thyratron, 

Output sweep frequency is determined primarily by the 
time constant of the R-C circuit. 

Sweep frequencies up to 75 kilocycles can be produced. 


to cont 


CIRCUIT ANALYSIS. 

General. As explained in Section 2, paragraph 2.5.1, 
of this Handbook, when a series R-C circuit is connected 
across a constant-voltage source, the capacitor charges 
and the voltage measured across its terminals increases 
at an exponential rate until the voltage becomes equal 
to the source voltage. Only the initial portion of the 
capacitor charging curve is sufficiently linear to be used 
in the generation of a sawtooth wave. To generate the 
sawtooth wave, it is necessary to restrict the capacitor 
charge to a small portion of the total source voltage, and 
then cause it to discharge very quickly. The charging 
cycle is then repeated. In addition to hard tubes, a 
thyratron may also be used as a switch to control the 
charge and discharge of the capacitor, and thus produce 
the desired sawtooth- wave output. 

In a gas-filled tube the ionization potential (firing 
voltage ) determines the plate voltage at which the tube 
begins to conduct, and the deionization potential ( extin- 
guishing voltage} determines the voltage below which the 
tube ceases to conduct. When the plate voltage of a gas 
tube exceeds the ionization potential, the gas in the tube 
ionizes and the tube conducts very heavily. It continues 
to conduct heavily until the plate voltage is lowered below 
the deionization potential, when the gas in the tube deionizes 
and the tube ceases to conduct. The thyratron is a special 
type of gas-filled triode in which a third element, a control 
grid, is used to control the ionization of the tube. The 
control grid, however, has no effect on the deionization 
potential of the thyratron; it can only initiate conduction. 
Once triggered, the thyratron conunues to conduct until 
the plate voltage drops below the deionization potential 
ot the tube. 

Circuit Operation, The accompanying circuit schematic 
illustrates a typical thyratran sweep generator. 
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Capacitor C1] and resistor R4 make up the R-C charging 
circuit, which is used as an integrator to produce the 
sawtooth output wave. Thyratron V1 is connected in 
parallel with capacitor C1, and functions as a switch 

to control the charge and discharge of the capacitor. 
Resistors R1 and R3 form a veltage divider from the 
negative bias supply to ground, which supplies fixed 

gtid bias voltage to the thyratron through grid-current limit- 
ing resistor R2. Since resistor R3 is variable, the grid 
bias, and thus the trigger potential of the thyratron, can 

be varied. 

When voltage is first applied to the thyratron sweep- 
generator circuit, capaciter C1 begins to charge through 
resistor R4. As the capacitor charges, the voltage across 
it, and across thyratron V1, increases from zero toward 
the full value of the plate-supply voltage. If the capacitor 
were allowed to reach full charge, the voltage across it 
would increase exponentially to the full value of the plate- 
supply voltage, as shown by the broken line on the accom- 
panying output-voltage waveform illustration, 


Outpot-Voltage Waveform 


However, when the voltage across capacitor C1 (and across 
thyratron V1) exceeds the ionization potential of the 
thyratron (point A on the waveform illustration), the 

tube instantly ionizes and begins to conduct very heavily. 
Since the conducting thyratron has very low (almost zero) 
impedance, it shunts capacitor Ci and causes the capacitor 
to discharge very quickly through the tube. Thus, the 
Capacitor charges to the ionization potential of the 
thyratron, which is determined by the thyratron grid volt- 
age, and then discharges. As the capacitor discharges, 
the voltage across it drops toward zero. When the voltage 
across the capacitor drops below the deionization potential 
of thyratron V1 (point B on the waveform illustration), the 
tube deionizes and ceases to conduct. Since the non- 
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conducting (cut off) thyratron has a very high (almost 
infinite) impedance, it no longer effectively shorts capac- 
itor C1, and the capacitor again begins to charge toward 
the full plate-supply voltage value. The capacitor charges 
until the voltage across it exceeds the ionization potential 
of the thyzatron, at which time the tube conducts ond dis- 
charges the capacitor. This cherge-discharge cycle 
continues to repeat as long as voltage is applied to the 
citcuit-capacitor C1 chatges while thyratron V1 is cut off, 
and discharges when the thyratron conducts. Thus, thyra- 
tron V1 acts as a switch and causes capacitor C1 to alter- 
nately charge and discharge, producing a sawtooth out- 
put wave. 

The sweep frequency of the thyratron sweep generator 
is determined by the time it takes for capacitor C1 to 
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charge to the ionization potential of thyratron V1, The 
charge time of the capacitor is determined by tiie time 
constant of the H-C circuit made up of resistor R4 and 
capacitor Cl, and can be changed by adjusting variable 
tesistor R4, Increasing the value of resistor 24 increases 
the time constant of the R-C circuii, which inc! 
charge time of capacitor C1, and thus decreases the sweep 
frequency, Decreasing the value of resistor R4 has the 
opposite effect, and increases the sweep frequency. 

The amplitude of the sawtooth output wave is deter- 
mined by the difference between the ionization (firing) 
potential and the deionization (extinguishing) potential 
of the thvratron. The ionization petential is controll 
varying the grid bias. 5 tis usec 
to adjust the thyratron grid bias for the desired output 
amplitued. Increasing the value of resistor R3 increases 
the negative voltage on the grid of the thyratron and 
raises the ionization potential. Tne consequent lerger 
difference between the ionization and deionization potentials 
thus increases the amplitude of the sawtooth-wave output. 
Uecteasing the value of resistor K3 has the opposite effect, 
and decteases the output amplitude. Adjusting resistor R3 
also affects the output sweep frequency slightly, but this 
frequency can be corrected by readjusting resistor 4. 


FAILURE ANALYSIS. 

No Output. A no-output condition may be caused by 
lock of plate-supply voltage, an open plate resistor 
(4), a faulty sweep capacitor (Cij, or a dei 
thyratron (V1), Since the thyratron emits o characteristic 
glow when conducting, observation of the tube will show 
whether or not it is conducting. If the thyratron is glow- 
ing (conducting), lack of plate-supply voltage and an open 
plate resistor (R4) can be eliminated os possible troubles, 
since the tube must have plate voltae applied to it 
through resistor Rd in order to conduct. If the thyratron is 
not glowing, first measure the plate-supply voltage with a 
high-resistance voltmeter to eliminate the possibility cf a 
faulty power supply, and then check resistor R4 for conti- 
nuity ohmmeter. If it is determined that neither the 
power supply nor resistor 84 is at fault (either because 
they have been checked or because they have been elimi- 
nated as possible troubles), further checks must be made to 
locate the trouble. Use an in-cireuit capacitor checker to 
check capaciter CJ for 2 shorted, open, or leaky condition. 
H capacitor Cl is not defective, thyratron V1 is probably 
at fault and should be replaced witr a tuve Known tu be 
good. 

Incorrect Output Frequency. Any tauit wich Chanues 
the charge time of capacitor Ci will cause the output 
frequency to be incorrect. Thereicre, check for changes 
in the value of capacitor Ci and in the setting of 
F4, and for incorrect plate-supply voltage. It is good 
practice to first measure the plate-supply voitage with a 
high-resistance voltmeter tc eliminate the possibility of ¢ 
defective power supply. it the supply voltage is Correct, 
use an ohmmete: eck resistor 4 for the correct re 
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capacitor Cl for the correct capacitance value; replace the 
defective component. 

Incorrect Output Amplitude. Since the amplitude of the 
sawtooth output wave is determined by the difference 
between the ionization and deionizction potentials of thyra- 
tron V1, improper arid bias or a defective thyratron may cause 
amplitude to be incorrect. Meusure the voltage 
‘on the grid of thyratron V1 with a high-resistance voltmeter. 
If the grid voltage is correct, the thyratron is probably 
defective and should be replaced. If the grid voltage is 
either high or low, the bias circuit is probably defective. 
Use an ohmmeter to check resistors H1], 82, and K3 for the 
pToper tesistance values. 
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TRIODE SAWTOOTH-VAVE SWEEP GERERATOR CIRCUITS. 
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1ode sweep gener ‘ 
elactron-tube sweep circuits which produce symmnettie 
ca! sawtooth wavforms for the duration of the trigger gate. 
As shown in the accompanying illustration, the output volt- 
age rises at a linear (constant) rate during the negative in~ 
put gate, and then drops back to zero between input gates. 
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Triode Sweep Generator Waveforms 


a ‘ation of the linear portion of the 
is : known as the sweep time, | and Is Geterm. 
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The term linearity i 
1 portion of the sawt< 
closely the sweep approaches a straigat (but sloping) 
the oreater the linearity, 

In triode sawtooth-wave sweep genuiutai 
the electron tube is used as ¢ switch to control the charge 
om one ofa capacitor flee produces the desired 
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the triode acts as an open switch and allows the capacitor 
to charge, producing the linear sweep. At the end of the 
input gate, the triode acts gs a closed switch, causing the 
capacitor to discharge very quickly, and preventing it irom 
techarging until the next input gate is applied to initiate the 
next sweep cycle. 

Two triode swatooth-wave sweep generator circuits 
ore in general use: The basic Triode Sawtooth Sweep 
Generator and the Bootstrap Sweep Generator, The major 
difference between the two circuits is in the linearity of 
the sawtooth output waveform. While the output of the basic 
citcuit is sufficiently linear for most applications, the 
bootstrap circuit provides an extremely linear cutput for 
applications where the waveform distrotion in the basic 
circuit cannot be tolerated. Each of these circuits is dis- 
cussed in detailin the following paragraphs of this section 
of the Handbook. 


BASIC TRIODE SAWTOOTH SWEEP GENERATOR. 


APPLICATION, 

The basic triode sawtooth sweep generator produces 
symmetrical, synchronized sawtooth waveforms for sweep 
voltage use in radar equipments, display indicators, synchro- 
scopes and other types of special-purpose test equipment 
which use an electrostatic deflection cathode-ray tube. 


CHARACTERISTICS. 

Employs a high-vacuum triode, 

Requires a negative operating gate. 

Output is a symmetrical sawtooth voltage waveform with 
equal intervals between sweeps. 

Sweep time is determined by the duration or the nega- 
tive operating gate. 

Sweep-repetition period is the same os the repetition 
period of the operating gate. 

. 
CIRCUIT ANALYSIS, 

General. Recall from the elementary discussion of time 
constants in Section 2, paragraph 2.5.1, of this Handbook 
that when a series R-C circuit is connected across a con- 
stant voltage source, the capacitor charges at an exponen- 
tial rate until the voltage measured across its terminals 
equals the source-voltage value. Since the initial portion 
of the capacitor charging curve is nearly linear. This portion 
of the curve may be used in the generation of a sawtooth 
wave. In the basic triode sawtooth sweep generator, the 
electron tube is used as a switch to control the charge 
and discharge of a capacitor over the initially linear portion 
of the charging curve, and to produce a sawtooth output 
wave with good linearity. 

Circuit Operation. The accompanying circuit schematic 
illustrates the basic triode sawtooth sweep generator. 
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Basic Triode Sawtooth Sweep Generator 


Capacitor C2 and resistor R2 form the R-C circuit which 
produces the sawtooth output waveform. Triode V1 is con- 
nected in parallel with capacitor C2, and acts as a switch 
to control the charge and discharge of the capacitor. 
Capacitor Cl and resistor Rl form a conventional R-C input 
coupling circuit, which applies the input gate to the grid 

of triode V1. The sawtooth output is developed across 

the parallel combination of triode V1 and capacitor C2, 

In the quiescent state, with no negative input gate 
applied, there is practically no bias on the grid of triode 
Vl, Consequently, the tube conducts very heavily and the 
plate voltage draps to a very low value. Since capacitor 
C2 is connected in parallel with triode V1, the capacitor 
charges to the low value of plate voltage existing across the 
tube, and remains charged to this voltage until an input 
gate is applied. 

ithen a negative input gate is applied to the basic 
triode sawtooth sweep generator, it drives the grid of triode 
Vl below plate current cutoff and the tube ceases to con- 
duct. When the triode cuts off, the plate voltage tends to 
tise instantaneously to the full value of plate-supply volt- 
age, Ebb, However, capacitor C2 is connected in paralle! 
with the triode and thus prevents the plate voltage 
from rising instantaneously. Instead, the plate voltage 
rises exponentially toward the plate-supply value at a rate 
determined by the time constant of the R-C circuit consist- 
ting of capacitor C2 and resistor R2. As the capacitor 
charges, the voltage across it (and therefore onthe plate 
triode V1) rises at an exponential rate as shown, beginning 
at time t, on the accompanying output (plate) voltage wave- 
form illustration. 
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If triode V1 remained cut off indefinitely the voltage 
across capacitor C2 (and on the plate of V1) would rise 
exponentially to the plate-supply value, as shown by 

the broken line in the illustration. However, at time t, the 
negative input gate ends and the grid bias on triode V1 
fetuins to zero. Therefore, triode Vi again conducts 
heavily and the plate voltage tends to fall instantaneously 
to a very low value (the initial quiescent value). Since 
capacitor C2 is connected in parallel with triode V1, 

the plate voltage cannot change instantaneously, but 
rather falls at a rate determined by the discharge time of 
the capacitor. Since the conducting triode has c very low 
impedance, it effectively shunts (shorts) capacitor C2, and 
the capacitor discharges very quickly through the low im- 
pedance offered by the tube. As the capacitor discharges, 
the plate voltage measured between the plate of triode V1 
and ground decreases exponentially to the original 
quiescent value, and remains there until the next nega- 
tive input gate is applied. Thus, the basic triode say 
tooth sweep generator croduces one sawtooth wave each 
@ negative input gate is applied i 


auiescent (oft} state between input gates. 

Tt con be seen from the nett discussion tat 
the output waveform chorocteristics ct the besic trode 
sawtooth sweep generator are i in part by the 
duration of the neqattve input date. It tre duration 
input aoe is ngeteaseas ecoraciion C2 ch oe a longer 
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Since a iarger portion of the capacitor charqing curve is 

used when the duration of the input gate is increased, the 
linegrity of the sawtooth outrmt wave is decreased. Thus, 
increasing the input gate duration (for 
inq the input frequency} aifects 
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Changing the charge time of capacitor C2 also affects 
the characteristics of the sawtooth output wave. Since 
capacitor C2 charges through resistor K2, the charge time 
of the capacitor is changed ny varying the resistance of 
#2, Adjusting resistor R2 for a higher resistance value 
increeses the charge tume of capacitor C2; thus, for a 
given input gate duration, a smaller portion of the capacitor 
charging curve is used, and the capacitor charges to a 
lower potential. Consequently, the sweep amplitude 
decreases and the sweep linearity increases, since only 
the relatively small strcight-line portion of the sweep is 
used. 

Soth the duration of tne input gate and the setting 
Ol resistor 1.2 ullect the oweep uiuplitude und Linearity; 
therefore, resistor R2 is used to compensate for changes 
weep Characteristics caused oy changes in the input 
gate duration. Thus, resister R2 con ne adjusted to cause 
the circuit to produce a sawtooth output waveform of 
constant amplitude and linearity, even though the input 
gate duration changes. 


FAILURE ANALYSIS. 

No Output. A no-output condition may be caused by 
either lock cf an input gate, lack of plate supply voltege, 
or a detective tube or circuit component. It is geod 
practice to first check the input gate with an oscilloscope, 
and the plute-supply voltage with a high-resistance vclt- 
meter, to determine that the trouble is definitely in the 
sweep generator circuit. {1 the correct input gate is 
observed and the proper plate-supply voltage is measured, 
use the stg see to observe the weveform on the grid 
of triode V1. If no grid waveform is observed, cither 
capacitor Cl is open or grid resistor Rl is shorted. Use 
an in-circuit capacitor checker to check ie capacitor, 
ond on ohmmeter te check the resistor. The ca:rect wave 
iorm on the grid of triode V1 indicates that the wouble 

'$ in the plate circuit (C2, R2, V1) of the sweep generator. 
check capacitor CZ for a short circuit with an in-circuit 
capacitor checker, and resistor R2 for the proper resistance 
value with an ohmmeter. If no defective component is 
found, triode V1 is probably at fault and should be replaced 
with a tube known to be good. 

Distorted Output, ee defect 


aor not ‘the copaciter:c charging cu 
fed s awtooth cutput wave. Possible causes of 
are: A a:storted input gate, incorrect plate-supply voltage, 
changes in the values of capacitor C2 and resistor RZ 
Qneluding wrong aduistment of resister #2), and low 
emission in triode V1. First, observe the 
ui oscihoscope to be certain thet no distortion is present, 
anc then measure the plate-supply voltage with a high- 
tesistance voltmeter to be certain that the supply voltage 

1s carrect. Tf the input gate and the plate-suorly voltage are 
normal, further checks must be made tc isolate the rouble. 
Use a capacitance analyzer to check capacitor CZ for the 


proper value. 


gate with 


ot uglue 
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faulty component, triode V] is probably at fault. Replace it 
with a tube known to be good, 


BOOTSTRAP SWEEP GENERATOR. 


APPLICATION, 

The bootstrap sweep generator is used to produce an 
extremely linear sawtooth waveform for use in navigation 
equipment, radar test sets, and in other types of electronic 
equipment where an extremely linear sweep voltage is re- 
quired. 


CHARACTERISTICS. 

Employs one triode as a switch tube, and another as a 
constant-current generator. 

Uses positive feedback to produce the linear sawtooth 
sweep, 

Requires a negative input gate. 

Output is a symmetrical sawtooth voltage waveform with 
equal intervals between sweeps. 

Sweep time is determined by the duration of the input 
gate, 

Sweep-repetition period is determined by the repetition 
period of the input gate. 


CIRCUIT ANALYSIS. 

General. Most sawtooth sweep generator circuits use the 
charging action of a capacitor to produce a sawtooth wave- 
form. By using only the initial portion of the exponential 
capacitor charging curve, a fairly linear sawtooth output 
waveform is produced. However, some nonlinearity (curva- 
ture) is present in the output waveform because even the 
initial porticn of the capaciter charging curve is not perfec- 
tly linear. The bootstrap sweep generator uses a feedback 
loop to straighten out the curvature in the initial portion 
of the capacitor charging curve, and thus, to produce an ex- 
tremely linear sawtooth waveform. 

Before discussing the operation of the bootstrap sweep 
generator, it is necessary to review the charging action of 
an RC circuit. The charge time of the capacitor in the 
R-C circuit is determined by the time constant of the cir- 
cuit. At the first instant that a series R-C circuit is con- 
nected across a constant voltage source, the entire supply 
voltage appears across the resistor. As the capacitor 
charges, the voltage drop across it increases, and at the 
end of one time constant interval, 63 percent of applied voit- 
age appears across the capacitor, and the remaining voltage 
(37%) appears across the resistor. During the next time 
constant, the capacitor further charges to 63 percent of the 
voltage remaining across the resistor, that is, to 86 percent 
of the total applied voltage. During each successive time 
constant, the capacitor charges to 63 percent of the volt- 
age remaining across the resistor. Thus, as shown by the 
dashed line in the accompanying illustration, the voltage 
across the capacitor rises exponentially toward the supply 
voltage as the capacitor charges. 
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Generation of a Linear Sweep 


Although the capacitor theoretically never fully charges, 
after five time constants it is charged to over 99 percent of 
the supply voltage and is considered to be fully charged. 

The voltage across the capacitor of a series R-C circuit 
increases at an exponential rate because the capacitor 
charges to 63 percent of the voltage across the resistor 
each time constant, Since the voltage across the resistor 
decreases as the capacitor charges, the capacitor charges 
a smailer amount each time constant, resulting in an expo- 
nential increase in the voltage across the capacitor. If the 
applied voltage were increased as the capacitor charged, so 
that the voltage across the resistor remained constant, the 
capacitor would charge the same amount each time constant. 
This is, the voltage across the capacitor would increase 
ata linear (constant) rate. The bootsuap sweep generator 
uses a feedback circuit to cause the effective supply volt- 
age for the R-C circuit to inctease as the capacitor charges. 
Thus, the circuit produces an extremely linear sweep, as 
shown in the sweep generation illustration, 

Circuit Operation. The accompanying circuit schematic 
illustrates one type of bootstrap sweep generator. 


+Ebp 


INPUT ce 


OUTPUT 
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The portion of the circuit made up of coupling copaciter Cl, 
grid resistor R], switch tube V1, charging capacitor C3, and 
plate resistor R3 is a conventional basic wiode sawtooth 
sweep genefator, Tricode V2 is a cathode follower hi 
provides feedback to charging capacitor C3 tnrough d-c 


blocking capacitor C2. The input gcte is applied through 
capacitor C] to the grid of triode V], and we cuipui suw- 
tooth waveform is taken from the cathode of tricde V2 across 
cathode resistor R4. 

Tn the quiescent state, no négative input gate is applied 
to the bootstrap sweep generator, and therefore, no bias is 
applied to wiede V1. Consequently, the tube conducts very 
heavily, and the plate voltage is very low. Since caper 
C3 is in paraile! with triode V1, it charges to the 
of plate voltage existing across the tube. The voltage 
across capacitor C3 also appears on the grid of trisde V2 
(because of the direct coupling from the plate of V1 to the 
grid of V2), and causes V2 to conduct. The plute curreat oi 
tricde V2 flows through cathode resistor R4 and causes a 
small, but constant, voltage drop across the resistor. So 
jong as no input gate is applied the circuit remains in this 
quiescent state, and the output voltage across resistor R4 
remains at the low quiescent value. 

When a negative input gate is applied to the bootstrap 
sweep generator, it is applied through coupling capacitor 
Cl to the grid of triode V]. When the input gate is of suf+ 
ficient amplitude to drive the grid of triode V] below plate- 
current cutoff, plate current ceases to flow, and the plate 


inw va 


i 


voliuye ines to rise instantaneously to the p. 
valve. However, capacitor C3 is connected in parallel wath 
triode VI, and prevents the plate voltage from changing 
instantaneously. Instead, the plate voltage rises relativ- 
ily slowly as the capacitor charges. Normally, capacitor 
C3 would charge exponentiaily at a rate determined by the 
values of resistance and capacitance in the circuit, as 
shown by the dashed line on the accompanying theoreti 


waveform illustration. 
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OUTPUT 
VOLTAGE 
tra 
Theoretical Input and Output Voltage Waveforms 
CHANGE 1 


0967-000-0120 SWEEP GENERATORS 


In the bootstrap circust, however, the voltage across capa- 
citor C3 is also applied to the grid of triode V2, which is 
connected as a cathede follower with almost unity gain, The 
nanging voltage on the cathode of triode V2 (which 1s rear- 
ty equai to the voltage on the arid) is fed back through d-< 
blocking capacitor C2 to the junction of plate resistors R? 


loop operates in the following man 


and R3. This feedbe: 
ner. As copacitor C3 charges positive with respect to ground, 
the voltage impressed on the grid cf triode 2 also rises and 
becomes more positive. The increasing plate current flow 
through cathode resistor R4 causes the cathode voltage on 
triode V2 tc increase, uiso in a positive direction, This 
increasing positive voltage is fed back through capacitor CZ 
to the junction of resisiurs RZ and AG, uidiny the yulluge 
actoss resistor R3, and effectively increasing the voltage ap- 
plied tc the 8-C circuit. Thus , as capecitor C3 charges, 
the applied voltage is effectively increased so that the volt- 
uye appearing actoss stor [43 remains constant, instead 
as the charge incteases. Since the ccpucitor 
always charges to 63 percent of the voltage across the re- 
sistor in each time constant, and the resistor voltage te- 
muins constant, the capacitor charges the same amount 
each time constant, or in other words, at a linear rate. 

When the negative input gate ends, the grid bias on 
triode Vi returns to zerc end the tube again begins te con- 
éuct heavily. The low impedance of the conducting tube ef- 
fectively shunts (shorts) capacitor C3, and the capacitor 


discharges very quickly through the tube. As capacitor C3 


ve the veltese 
Ses, she esas 
causing the voltage on the vathode to decrease a 
The cathode voltage drops to the quiescent value, and the 
circult remains in the quiescent state until the beginning of 
the next input gate. 

Thus, the cuiput voltage of the bootstrap sweep gener 
aior rises ato linear rate during the input gate, and returns 
quickly to the quiescent value at tne end of the input gate. 
Tt remainsat the quiescent level until the next gcte is ap- 
ied. 


FAILURE ANALYSIS. 

No Output. A defect in nearly any component in the 
pootsttap sweep generator muy cduse u no-output Condition. 
Therefore, it is good practice to use an oscilloscope to locate 
the defective portion of the circuit. First, use the os- 


PRET 
t gute te 


mune Cerin that 


the proper input is applied. Lf the correct input gate 18 ob- 


sess Ves ales 
igns) on the 


Wed, Use Hie UsCieecope to ubserve 
gtd of triode V1. No negative gate at this point indicates 
either ut open ii, Sopue. es fae sitten Rae 
Use an ohmmeter to cneck these components. 1 the nornui 
fotis: in observed on the qrid of wiode J}, observ 
the plate of the tube, No signal on the 
ct triode V1 indicates a detect in capacitor C3, resister RZ 
or KG, or in the tube itself. lf checking capacitor C3 with 
circuit capacitor checker, and resistors RZ and R3 

+ ter, does not reveal o defective component, 
uié be repiaced witn 
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is observed on the plate of tricde V1, the trouble is either 

a defective cathode resistor, R4, of a faulty cathode-follow- 
er tube, V2. Check resistor R4 with ohmmeter for the car- 
rect resistance valve, If no defect is found, diode V2 is 
probably at fault. Replace the tube with one known to be 
good. 

Low Output. A sawtooth output of incorrect amplitude 
may be caused by low plate-supply voltage, or by a circuit 
defect which affects the charge time of capacitor C3. First, 
use a high-tesistance voltmeter to measure the plate-supply 
voltage to be certain that the power supply is not at fault. 
If the correct plate-supply voltage is observed, use a capac- 
itance analyzer to check capacitor C3 for the proper value 
and an ohmmeter to check resistor R2 and 3 for the proper 
values. If no defective component is found, triode V] is 
probably at fault. Replace it with a tube known to be good. 

Poor Linearity. If the linearity of the sawtooth output 
is poor, probably either capacitor C2 or resistor Rd is at 
fault. Use an in-circuit capacitor checker to check the ca- 


pacitor for a shorted or open-circuited condition, and an ohm- 


meter to check the resistor for the correct value. If neither 
of these components is defective, triode V2 is probably at 
fault, and should be replaced with a tube that is known to 
be good, 


TRIODE TRAPEZOIDAL-WAVE SWEEP GENERATOR. 


APPLICATION. 

The triode trapezoidal-wave sweep generator produces 
a trapezoidal wavefcrm for use as the sweep voltage in tele- 
vision sets, radar equipment, test and other electronic 
equipment using electromagnetic cathode-ray tube displays. 


CHARACTERISTICS. 

Employs a triode as a switch to control the charge and 
discharge of a series R-C circuit to produce the output. 

Requires a negative input gate. 

Output is a series of trapezoidal waves, 

Sweep duration and sweep-iepetition period are deter- 
mined by the characteristics of the input gate. 


CIRCUIT ANALYSIS. 

General. The deflection coils of an electromagnetic 
cathode-tay tube require a sawtooth wave of current to pro- 
duce a linear sweep across the face of the tube. Because 
of the inductance and resistance characteristics of the 
deflection coils, a trapezoidal! voltage waveform must be 
applied across the coils to produce the desired linear saw- 
tooth wave of current through them. The triode trapezcidal- 
wave Sweep generator discussed below produces such a 
voltage waveform. Since the trapezoidal wave is essentially 
a sawtooth wave superimposed on a rectangular wave, the 
triode trapezoidal-wave sweep generator is similar to the 
triode sawtooth-wave sweep generators discussed previously 
in this section of the Handbook. 

Circuit Operation. The accompanying circuit schematic 
illustrates one type of triode trapezoidal-wave sweep gen~ 
erator. 
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R2 


OUTPUT 


Triode Trapezoidal-Wave Sweep Generator 


Capacitor Cl and resistor Rl forma conventional R-C input 
coupling network used to couple the input gate to the grid of 
triode VJ. Triode V1 acts as a switch to control the charge 
and discharge of capacitor C2. The charge time of the ca- 
pacitor is determined by the time constant of the R-C circuit 
made up of resistors R2 and R3 connected in series with 
capacitor C2. The trapezoidal cutout waveform is taken 
from the plate of triode V1 (across the series combination of 
capacitor C2 and resistor R3). 

In the quiescent state (with no input gate applied to the 
Circuit), contact bias is applied to the grid of triode V1; 
consequently, the tube conducts very heavily. Since triode 
V1 conducts nearly at plate-current saturation, the veltage 
drop across plate resistor R2 is very large and the effective 
plate voltage is very low. Capacitor C2 charges through 
tesistor R3 to the low value of voltage existing across the 
tube, and the circuit remains in this quiescent state so long 
es no input gate is applied. The quiescent output is the 
small constant voltage across capacitor C2. 

A negative input gate, such as that shown in the ac- 
companying illustration of theoretical waveforms, must be 
applied to the circuit to produce a trapezoidal output wave- 
form. 
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& 


(epg + #c2) 


Theoretical Wavetorms 


The neqntive qate is applied through coupling capacitor C} 
1 the grid of triode V1, und is of sufficient 
drive the tube below plate-current cutoff. Consequently, 
Piate current ceases to flow, ona the 5) age atte 
to rise instantaneously to the plate-supply value. However, 
Since the series combination of capacitor C2 and resistor 
R3 is connected across the tube, the plate voltage rises in 
accordance with the charging action of the RC circu ae 
up of resistors R2 and R3 and capacitor C2. When tricde V1 
first cuts off (time t, on the waveform illustration), only the 
smali quiescent charye is present pacitor C2, and the 
remainder of the supply veltage appears instantaneously 
across the series combinaticn of resistors KZ and Ra. Tr 


UL tik ty, ite volluge gesoss Tesister RB (en,) rises 


stantaneously from nearly zero to high positive value de- 
termined by the total fesisionce in senes with capacitor CZ 


produced by te 


(OOgy Incteds: 


(relatively Staite pe portion vi die Sapstett charging curve 
is used; therefore, the capaciter charge (irom 
Ihe output from the circuit is 
series combination of resistor is ond capaciter 


t,) is neariy iinear. 
nerass 
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quiescent value to a niore positive value at the Deginning cf 
the input gate (time t,), and then increases at a nearly 
linear rate until the end cf the input gate (time t,). 

When the negative input gate ends (time t,), the grid bias 
on triode Vj} returns te zero, and the tube again conducts 
neavily. The low impedance of the conducting tube elffec- 
tively shunts (shorts) the series combination of resistor R3 
pacitor C2, and the capacitor discharges very quickly 
through the resistor and the conducting tube. As capacitor 
C2 discharges, the voltegee across it decreases from maxi- 
to the quiescent value, The voltage remains at this 
ue until the beginning of the next input gate. 


ang 


No Output. An seoreel Input gate, a gelecis ane 


cltage may 


pat condition. First, t 
Ge the input gate waveform to be certain that the cor- 
tect input signa! is applied. If the normal input gate is 
present, observe the waveform on the grid of tricde V1. No 
input gate at this point indicates either an open coupling 
capoeitor (C1) or a shorted grid resistor (Rl). Use an onm- 
meter to check these components for defects. If the correct 
input gate is opserved on the grid of triode V1, use a aigh- 
resistance voltmeter to measure the voltage on the plate of 
the tube. If no plate voltage is present, the trouble may be 
either a lack of plate-supply voltage or an open plate re- 
star (R2). Measure the plote-supply voltage with the high- 
er, and check resistor 82 with an ohm- 
eter. If the correct voltage is measured cn the plate of 
ie Vi, the tube is probably at fault and should be re- 
placed with one that is xnown tu be good. 

Distorted Ourput. Ar. output waveform with poor linear- 
ity or low amplitude may be caused either by a defective 
tube or by a change in value of resistor RZ, 53, or capacitur 
C2. Use an ohmmeter tc check the values of resistors R2 
and R3, and a wapciianes analyzer to check the value of 
vupacitor C2. If ne defective component is found, triode V1 
is probably at fault and should be replaced with a tube that 
35 known to be good, 

Incorrect Output Waveshape. An ou 
sawtooth shape (with no initial step) will result if resistor 


3 is snorted, while un initial step of incorrect amp. 


ue of resister 


put waveform af 


ust De repiaced. 


cut wovelors of square-wave shape may be coused 
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PART 8. SEMICONDUCTOR CIRCUITS 


SAWTOOTH-WAVE CIRCUITS. 

The operation of the sawtootn-wave sw: 
touits described in the remainder o1 
to that of the electron-tube sweer 
Part A of this section}. Althougi: ele 
uenerator circuits are divided into two clases) 
(hard) tube sweep-generator and the yaseous (soft) tube 
sweep-generator, they are not so divided for semiconductors, 
Actuatly, the semiconductor sweep-gererator circuits are 

anglogous to the gaseous (soft) tube circuits 
| transistors whicii aie comparable i 
ne ot electron tube. 


Twe pester Gd = tan 


jators, and can prosuce otner U 


if desired. ihe discussion in ever, will 


be limited to the production of sawtoothed waveforms by 
use of the relax 
oe and ut: 


n oscillator form of circuit, The advan- 
ult of these semiconductor circuits lie in 

© simplicity and their use of relativery few 
eaananentss scot the fact that one uniiunction is considered 
the equivalent of two normai transi 


cis. In most cases 
only a capacitor and a transistor are required to produce ¢ 
sawtooth sweep. Where adjustable frequencies of periodic 
Tecurrence are desired, a resistor may be added, with ae 
NC combinutiun: yoverning the period of oscillation. The 
basic principle of operation is t> 
of a capacitor, controlled by the semiconductor t operating 
aS J neqative resistance Osciiiator. 

Operation is normally restricted to trequencies ‘ro: 
lower frequency of approximately one or two cycles pe: 
minute to an upper frequency which lies between 500 kc 
and | megacycte tar presently uvaiiabie wens 
some experimental units the upper frequency has exceeded 
ime, but not 3me. Although the upper trequency limit of 
the transistor is not us liigh a3 that of the electron tube, 
the range is sufficient for normal applications of sawtooth 
waves, Tne recovery t 
than tne deoni cw 
microseconds as compared with 100 micraseconds or more;, 
which offers some advantage vv 
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INPUT 3. 


Input and Output Points 


Cirevit Operotion. A simple sawtooth generator circuit 
using d unijunction transistor is shown in the accompanying 
figure. Note that only the unijunction transistor, a capaci- 


Basic Sawtooth Generator 


tor, and a power supply are necessary to produce the saw- 
tooth waveform. With the power supply connected, elec- 
tron flow is from base | to base 2, thus placing an initial 
reverse bias on the PN junction. With the capacitor con- 
nected between emitter and ground, a small amount of re 
verse Current flows through the PN junction because of a 
flow of hole current from the emitter to base 2. The capaci- 


Charge Path 
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tor charges slowly through the path shown in the following 
figure. The rate of charge depends on the time constant, 
which is equal to the product of the capacitance of C and 
the internal resistance of the reverse-biased junction. As 

C charges, the positive d-c voltase across it rises. When 
this voltage is greater than the voltage gradient opposite 
the P-type material, the PN junction becomes forward- 
biased and the capacitor discharges very rapidly. (This 
corresponds to the ionization point or voltage of the gaseous 
thyratron tube.) This action is caused by o heavy electron 
flow from base 1 to the emitter and a heavy hole flow 
through the P material of the junction, which causes on 
electron flow out of the emitter as shown in the following 
figure. Thus, the capacitor is effectively short-circuited 


Discharge Path 


through the PN junction. The time of discharge is deter- 
mined by the capacitance of C times the forward resistance 
of the PN junction. Since the forward resistance is very 
Jow (on the order of S ohms), it is essentially equivalent 
to a short circuit. After capacitor C discharges, the volt- 
age across C is too smal] to maintain the forward bias (this 
corresponds to the deionization point or voltage of the 
gaseous thytatron tube); the reverse bias again resumes 
control, charging the capacitor through reverse-leakage 
current, as previously indicated, and the cycle is repeated. 
This slow charging and rapid discharging of capacitor C 
produces the sawtocth output waveform. 

The recurrence rate of the basic circuit just discussed 
is fixed by the inherent base leakage resistance of the 
tronsistor plus the value of capacitance used. To ensure 
stable operation at the desired sweep rate, and to provide 
protection against thermal tunaway, an emitter resistor and 
a base 2 resistor are usually used, cs shown in the follow 
ing schematic. The operation of this circuit is identical 
to that of the basic sweep generator previously discussed 
except for the change introduced by the addition of Rl and 
R2. During the time of heavy conduction (deioni zation 
period), the portion of the interbase region betwen the 
emitter and base 1 isa very low resistance, whereas the 
portion between the emitter and base 2 is of hign resis- 
tivity. Therefore, practically all the power supplied by the 
interbase power supply is dissipated across the narrow 
tegion near base 2. In the absence of 92, a relatively 
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Stebilized Sawtooth Generator 


heavy electron current flows through the base 2 region an: 
causes heating of this smal! semiconductor area. Asa 
result, this thermal effect causes on increased election 
flow through the base 2 to emitter portion of the ber. As 
the heat is built up by current flow, more and more electron 
current flows through the bor because no extemal resist- 
ance is provided to limit the flow. Thus a local hot spot 


1 action is accu 


ow Of Nz in the posiun sn own provi 
limiting te prevent the formation of the hor spot and Rings 
possibility of thermal runaway. While the circuit is sensi- 
tive otherwise to thermal veriations, any thermally produced 
cugent flow can never be as great i produced at the 
location of the hot spot when no limiting resistance 1s 
employed. No other form of protection is needed to prevent 


the 
the; 


iG] failures. 
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controlled and the og 
0 


torward bia 
By proper is esign, if the resistance or 
1 reyersa Jenkage resist- 
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ter junction can no ionger Sustain c forward cics, the tran- 
sistor stops conducting, and the original reverse-bias con- 
dition agoin exists. {This action is similar to that of the 
gaseous thryratron tube, which stops conduction automati- 
cally when the voltage across the tube reaches the deioni- 
zation point or level and is insuliicient to sustain ionizo- 
tion of the gas.) 

Detailed Analysis. Before proceeding with the follow- 
ing discussion, be certain to read the explanation ot the 
construction and operation of the unijunction transistor 
given in Section 3, paragraph 3.6.3.3, of this Handbook. 

A simplified equivaient circuit for the unijunction tr 
sr may be developed a own in the accompanying 
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junction diode, 4 Ebi 
base 2, and Rg, the resistance of bas 
as variable since it does vary as 2 
base | current {the greater the current, ihe lower 1 
ance, and vice versa}. 

Assuminc that the capacitor is n 
emitter one thot cotn hpi and gz are vid ALY salve, it 
is clear that the resisters form a voltage divider across the 
hase supply, Voy. Thus, a positive potentiai ex: 


iat Connected tc the 


Blip. WHEN We cape ld 


around, it charges expone: 


the value of Mp: is high. 


Sine capacitor ShatGes, wie 
emitter voltage increases and the teverse bi S the 
i de is reduced, Exumine the emis warucleie 


which follow. 


the emitrer niased 


peak value of emitter voltave at zero emitter current. At 
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Static Emitter Characteristics 


is peak point the reverse bias is no longer sufficient to 
prevent conduction, and emitter (positive) current flows. 
“3 secon 1s emitter current flow pacitor 

charge, and the forward resistance oi the junction is de 
creased; tais action becomes nerve multiplying the 
Gischarge current in ¢ son.ewhat exponential fachion, Once 
started, this action cannot ne reversed or stopped until the 
lower velrage level (deionization point) is reached. As this 
curtent increases, the siote torware resistance decreases 
ond the emitter voltage decreases, The region CE 
emitter voltage with increased ematter current is due to 
negative resistance, which is the phenomuncn upon which 
the operation of this unit is bused. The neqative cesist- 
ance is caused by tne injection of holes into the ouse bar 
with forward bias change causing increased conductivity 
beuween the emitter and base | portion of the bar, with base 
2 current remaining essentially constant. The sequence of 
action is such that each ennances the other, That is, as 
the jorwars resistance is decreased, so is the amcunt of 
reverse bias decreased, and the emitter current increases 
similarly. This cumulative cction continues until the valley 
point eached und the base enters the saturation region, 
At this point any increase in emitter current merely causes 
an increased drop in the emitter base 2 portion of the bar. 
If operation is allowed to enter this saturation region, 
unit will merely rest in a stable conducting condition with 
a fairly low base | resistance. 

The tum-olf action of the uni te umiti- 
ated by the dropping emitter potential as capa C dis- 
charges through base 1, When the vallev point on the curve 
is reached, the emitter voltage (wh is produced by oe 
remaining charge in the capacitor! is insufficient to « 
tinue conduction. 4 More emitts vol Ie would be needed 
to produce more current, © mM e emitter voltage would have 
to remain constant at the va. aint to keep the same 
value of cut Nor continues to ai 
below this 


tivity) reduces 
forward resistar 
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reduced te zero Current of cutrolf, whereupon the reverse 
bias resumes contcl, selding un i@ Capacitor is aqain 
charged to the forward breakdown voltage. In this respect 
the unijunction diode operates differently ‘rom the normal 
PN junction. The typical response of a norma! dicde is 
shown at the bottom of the static emitter characteristic for 
comparison. In this case, once current flow is initiated, 
current flow continues in a relatively steady manner as long 
as the voltage is applied. The ability of the uniiunction 
transistor to revert from a reverse-biased condition to a 
forward-biased condition and back again under control of 
the voltage levels applied to its elements is inherent in 
its construction. While the previous simplified diode 
representation was used to help explain its operation, it 
should be understood that a conventional diode connected 
schematically with two resistors, as illustrated previously, 
will not operate 3s a unijunction transistor. 


FAILURE ANALYSIS. 
No Output. An open-circuited capacitor will cause the 
emitter circuit to be open and produce @ no-output condition. 
The few components involved may be quickly checked by a 

resistance or continuity test with a high-resistance volt- 
ohmmeter. If the components appear to be normal, the 
trouble can only be in the power source or in the transistor 
itself. Substitution of a known good transistor would be 
necessary to determine whether it is defective, since there 
is no other simple check possible. A short-circuited capaci- 
tor would also prevent the circuit from operating, but this is 
not necessarily true of any of the other components, as the 
circuit usually willoperate with the capacitor alone, Where 
the components and transistor appear to be normal, a poorly 
soldered joint or broken witing might be suspected, 

Low Output. Poorly soldered joints or defective resis- 
tors can Cause low output, as can o defective power supply 
of trunsistor. Resistance and voltage checks will deter- 
mine whether the components are defective. Use of an 
oscilloscope to exumine the waveforms on the emitter, base 
1, and oase 2 elements should help isolate the defective 
portion of the circuit. ‘With a sawtooth output, there should 
be dne pulse on base 2, with « similarly shaped but 
emajler-amplitude current pulse in the base | circuit. 

‘Place a 10Q-ohm resistor in series with bese | and observe 
the voltage waveform produced by the base current.) Ca- 
pacitor leakage may prevent the circuit from operating 
properly, or may reduce the amplitude of the output wave- 
form. Leakage may be suspected if the recurrence rate is 
different from the origincl rate. (A change in emitter resis- 
tor Ri can also produce a similar condition.) 

Distorted Ourput. The shape of the sawtooth sweep 
will depend upon the capacitor to a great extent. If only a 
small portion of the capacitor charge is used, it will be 
linear, otherwise, the waveform will curve ct the top be- 
cause of the exponential discharge of the capacitor. The 
values of the components and voltages applied will also 
determine the linearity of the output waveform. Cperction 
at tco high a frequency for the transistor used will produce 
¢ teunding cff of the waveform und, if excessive, produce 

asine wave. Check the waveform with an oscilloscope. 
The recovery time is determined by the hase | o> 
width and the sweep capacito: value. I[f the : 
8, otthinqular wave may result. 
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FQUR-LAYER DIODE. 


APPLICATION. 

The four-layer diode is used to generate a sawtooth 
(sweep) voltage waveform for applications where the output 
waveshape is not critical, and where an exieuely sitiple 
circuit is desired. 


CHARACTERISTICS. 

Acts as a switch to control the charge and discharge of 
a series R-C circuit. 

Output is a sawtooth voltage waveform, 

Output frequency is determined by the values of resist- 
ance and capacitance in the R-C circuit. 

Output amplitude is determined by the characteristics of 
the four-layer diode. 


CIRCUIT ANALYSIS. 

General. The four-layer diode is a two-terminal semi- 
conductor device consisting of four alternate layers of P- 
type and N-type silicon. The accompanying pictorial dic- 
gram shows the construction and biasing of the diode. 


J + Ja- +43- 
‘— 2 
ee 


Four-Layer Diode 


For convenience in discussing the four-layer diode, its 
three PN junctions are labeled J,, J,, and J,. Te bias the 
diode correctly, the positive battery terminal is connected 
to the P-type diode terminal, and the negative battery ter- 
minal is connected to the N-type diode terminal. With the 
blas voltage applied is thismanner (layer P, positive with 
respect to layer N,), a voltage gradient is set up along the 
diode as shown by the polarities placed above the junctions 
on the four-layer diode illustration. The voltage gradient 
forward-biases junctions J,, and J,, and reverse-biases in- 
temal-junction J,. Since a forward biased junction exhi- 
dits very low resistunce and a reverse-biased junction ex- 
hibits very high resistance, junction J, (the reverse-biased 
junction) primaniy determines the current flow tnrougn the 
diode. Therefore, the action of junction J, determines, to a 
great extent, the operation of the four-layer diode. 

Over the first portion (region 1) of the accompanying 
dynamic transfer characteristic curve, which covers from 
zeto level to breakdown voltage VBR. maximum current flow 
through the diode is limited to the value of the minority 
carrier current flowing through reverse-biased junction J,. 
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Dynamic Transfer Characteristic Curve 


Therefore, over region I of the characteristic curve (also 
known as the off region), diode current flow remains ata 
relatively constant but low value while the applied input 
voltage increases. When the voltage applied to the diode 
exceeds voltage VBR, an action similar to the avalanche 
breakdown iio Zener diode occurs in junction J,, That is, 
the applied voltage temporarily is relatively constant while 
the current increases (region II on the characteristic curve). 
Although the breakdown action is not completely understood 
at the present state of the art, once breakdown occurs and 
current increases, the characteristic curve passes through 
another region, known as the negative resistance region 
{region III), where the voltage across the diode rapidly de- 
creases as the current through it increases. (This corres- 
ponds to the action in a gas-filled electron tube which 
breaks down at the ionization point and passes a heavy cur- 
tent ata low voltage.) At point A on the curve, the end of 
the negative resistance region is reached, and the voltage 
across tne dioge remains relatively constant throughout the 
on region (region IV). (This corresponds to the action in a 
gas-filled electron tube which, one broken dow, 

operates at a jevel siightly above the deionization point 
until the applied voltage drops below this point.) 

Although the four-layer diode nas many applications, it 
is most widely used as a switch with two stable states. To 
use we diode as such a switch, it is operated in regions 1 
and IV of the characteristic curve. The diode remains in the 
high resistance or off state (region I) until the bius voltage 
exceeds the diode breakdown voltage, VBR. The diode then 
switches to the low resistance or on state (region IV) and 
remains in this state until the bias voltage drops below the 
diode turnoff voltage level. It then switches back to the 
oH state. The four-layer diode is operated in this manner 

‘> control the charge and discharge of en R-C circuit to 
produce a suwtvoth-wave sweep voltage output. 
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Circuit Operation. The accompanying circuit schematic 
illustratee a sowtooth-wave generator using a four-layer 
diode and only two other components. 


OUTPUT 


LW 


Eee ci 


Four-Layer Diode Sweep Generator 


The power supply (Ebb) is connected directly across the 
seties A-C citcuit made up of capacitor C1 and resistor Rl. 
The four-layer diode, CRI, is connected in parallel with 
capacitor Cl, and controls the charce and discharge of the 
capacitor. The sawtooth waveform is taken from across 
the parallel combination of capacitor C1 and diode CRI. 
When voltage is initially applied to the circuit, diode 
CRI is in the high resistance off state, (because cf the re- 
verse bias applied to intemal! junction, J,}, and capacitor 
C] begins to charge through resistor R] toward the supply 
voltage value. If the capacitor were allowed to charge fully, 
the voltage across it would increase to the supply voltage 
value at an exponential rate, as shown by the dashed curve 
in the accompanying output voltage waveform illustration. 


Theoretical Output Voltage Waveform 


However, when capacitor C] charges to the breakdown volt- 
age of diode CRI (voltage VBR on the waveform illustra- 
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tion), the diode breaks down {effectively forward biasing 
internal junction J,) and switches to the low resistance on 
state. Since diode CR} is connected in paralle) with ca- 
pacitor Cl, the diode effectively shunts capacitor C] and 
causes it to discharge very quickly. As capacitor C] dis- 
charges through the conducting diode, the voltage across the 
capacitor decreases until it drops below the tumoff voltage 
of the diode (voltage VTO). At this time, the internal junc- 
tion is again reverse-biased and the diode switches back to 
the off state, and the capacitor again begins to charge 
through resistor Rl. Thus, capacitor Cl alternately charges 
relatively slowly through resistor R} and discharges quickly 
through diode CR1. Since capacitor C1 charges only during 
the initial portion of the capacitor charging curve (about 
10% of the total time available), the resulting output voltage 
across the capacitor is a fairly linear sawtooth waveform. 

The amplitude of the sawtooth output waveform is de- 
termined by the characteristics of the four-layer diode. 
Since the sawtooth amplitude is equal to the difference 
between the breckdown voltage (VBR) and the turnoff volt- 
age (VTO), and since these voltages ore constant for any 
particular diode, the output amplitude is fixed. The only 
way that the output amplitude may be changed is by using 
a four-layer diode with different breakdown and turnoff volt- 
age characteristics. 

The frequency of the sawtooth output waveform is de- 
termined by the charge time of capacitor Cl, and therefore 
by the time constant of the R-C circuit made up of the ca- 
pacitor and resistor Rl]. Resistor R] is usually made var- 
iable so that the output sweep frequency may be varied. De- 
creasing the value of resistor Ri decreases the time con- 
stant of the R-C circuit, which decreases the time required 
for capacitor C] to charge to the breakdown voltage of 
diode CRI. The resulting waveform (shown by the dotted 
curve on the waveform illustration) is ¢ sawtooth wave of 
shorter time duration than the original sawtooth wave, and 
therefore one of higher frequency. Increasing the value of 
resistor Rl has the opposite effect, and decreases the 
output sweep frequency. 
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FAILURE ANALYSIS. 

General. When making voltage checks, use a vacuum- 
tube voltmeter to avoid the low values of multiplier resist- 
ance employed on the low-voltage ranges of the standard 
20,000 ohms-per-volt meter. Be careful also to observe 
proper polarity when checking continuity with an chmmeter, 
since the diode may be forward-biased and break down, 
causing a false jow-resistance reading. 

No Output. A defect in any circuit component, or a lack 
of supply voltage may cause a no-output condition. Because 
of the simplicity of the circuit, the trouble can easily be 
located by making several quick voltage and resistance 
checks. First, use a vacuum-tub voltmeter to measure the 
supply voltage. If the correct voltage is measured, use an 
ohmmeter to check resistor Rl for an open or short citcuited 
condition. Next, use an in-circuit capacitor checker to 
check capacitor Cl for defects. If these checks fail to lo- 
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cate a defective component, diode CRI is probably at fault 
and should be replaced with one that is known to be good, 
Distorted Output. A distorted sawtooth output waveform 
may be caused by low supply voltage, by changes in value 
of the components in the R-C circuit (C1,R1), or by a defec- 

e ie (CR1). First, use a vacuum-tube voltmeter to 
easure the supply voltage ne that the power sup- 
ply is not at fault. Next, use an ohmmeter to check the 
value of resistor Rt, and use @ capaciiance analyzer te 
check the value of capacitor Cl. Iino defective component 
is found, diode CR] is probably ot fault. Replace it with a 
diode that is known to be good. 


supply voltage 
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